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(54) Equipment, transponder and methods for optical fiber transmission

(57) The technical problem disclosed concerns in-
crease of transmission distance between inter-site
transmission parts when a circuit speed is increased,
and simplification of an intra-site circuit.

The means to resolve the problem is as follows. An
intra-site circuit (142-1) connecting an intra-site infor-
mation communications device (140-1) and a wave-
length division multiplexing optical transmission device

(147) is demultiplexed into plural low speed wavelength
division multiplexing signals by a transponder (100) ac-
cording to this invention, and transmitted to an inter-site
optical fiber circuit (144). The signals are again multi-
plexed into a high speed optical signal by a transponder
(110) in a wavelength division multiplexing optical trans-
mission device (148) on the receiving side, and trans-
mitted to an intra-site optical fiber circuit (143-1).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to equipment, trans-
ponders and methods for optical fiber transmission.
Specifically, it relates to a WDM (Wavelength Division
Multiplexing) optical fiber transmission device and
wavelength division multiplexing system. More specifi-
cally, it relates to a wavelength division multiplexing op-
tical fiber transmission system which multiplexes plural
optical signals of different wavelength in an optical fiber
to transmit information, and to a transponder device or
a wavelength division multiplexing optical fiber trans-
mission device using this system.

Description of the Related Art

[0002] Wavelength division multiplexing (WDM) is an
extremely useful technique for increasing the volume of
optical fiber communications. A typical example of the
construction of a prior art wavelength division multiplex-
ing optical transmission system comprises a wave-
length division multiplexing optical transmission device
152 (transmitting side) and a wavelength division multi-
plexing optical transmission device 153 (receiving side)
disposed at sites 141-1, 141-2 located at two points sep-
arated by a distance of several kilometers to several
thousand kilometers, as shown in Fig. 5. The two devic-
es are connected by inter-site optical fiber circuits 144-1,
144-2, and a wavelength division multiplexing optical re-
peater 151. The figure shows only transmission from the
site 141-1 to the site 141-2, although this is generally
combined with a wavelength division multiplexing opti-
cal transmission device with reverse direction.
[0003] A SONET (Synchronous Optical NETwork)/
SDH (Synchronous Digital Hierarchy) terminals, ADM
devices, or prior art information communications devic-
es 150-1, 150-2 which perform information communica-
tions, such as IP routers, are provided in the transmitting
side site 141-1, and optical signals are transmitted to
the wavelength division multiplexing transmission de-
vice 152 via intra-site optical fiber circuits 142-1 - 142-n.
The intra-site optical fiber circuits 142 have a distance
of the order of several m - several tens of kilometers,
and uses for example a SONET/SDH signal format such
as OC-12 (600Mbit/s) or OC-48 (2.5Gbit/s).
[0004] From the viewpoint of cost, IM/DD (Intensity
Modulation/Direct Detection) of a laser diode operating
in, for example, the 1.3 µm wavelength band is used for
the optical transceivers in the intra-site optical fiber cir-
cuits 142. As the signals transmitted in the intra-site op-
tical fiber circuits have problems of wavelength band,
wavelength interval, spectral purity, wavelength accura-
cy and dispersion tolerance, they are unsuitable for
wavelength division multiplexing transmission over long

distance optical fibers. Therefore, the signals are con-
verted to plural different wavelengths (λ1 - λn) for inter-
site wavelength division multiplexed transmission by the
transmitting side transponder devices 120-1 - 120-n,
wavelength division-multiplexed by an optical multiplex-
er 145, and then output to the inter-site optical fiber cir-
cuit 144-1.
[0005] The wavelength division-multiplexed optical
signals transmitted to the inter-site optical fiber circuit
144-1 are relay amplified by the optical repeater 151,
transmitted along the inter-site optical fiber circuit 144-2,
input to a wavelength division multiplexing optical trans-
mission device 153 on the receiving side, wavelength-
demultiplexed into optical signals of wavelength λ 1 - λ
n by an optical demultiplexer 146, and then respectively
input to receiving side transponder devices 130-1 - n.
[0006] In the prior art transmission side transponder
device 120, an optical signal of wavelength λa is re-
ceived by an intra-site transmission optical receiver 123
from the intra-site optical fiber 142, and the optical signal
is then converted to an inter-site transmission signal for-
mat as a wavelength division-multiplexed optical signal
(wavelength λ1) by an inter-site transmission optical
transmitter 124, and output, as shown in Fig. 6.
[0007] The wavelength of the inter-site transmission
optical signal is normally in the 1.5 µm band which is
suitable for amplification by an optical fiber amplifier,
and generally coincides with wavelength grids (50Ghz,
100GHz, 200GHz interval) which are wavelengths
standardized for use with WDM. Also, as the inter-site
transmission distance may attain several 100 - several
1000km, external optical modulation, which is suitable
for long distance transmission, is often used. For the in-
ter-site transmission signal format, a SONET/SDH for-
mat basically identical to that used for the intra-site
transmission format is widely adopted, but in recent
years, a wavelength wrapper with the addition of bit error
correction between transponder sections or a monitor-
ing function has also been considered.
[0008] In the receiving side transponder device 130,
an optical signal input from an inter-site side input fiber
131 is received by an inter-site transmission optical re-
ceiver 133, the optical signal is converted to an intra-
site circuit signal format or the wavelength λa by an in-
tra-site transmission optical transmitter 134, and output
to an intra-site side output optical fiber 132, as shown
in Fig. 7. These optical fibers are respectively connected
to intra-site information communications devices 150-3,
150-4 via intra-site optical fiber circuits 143-1 - 143-n in
Fig. 5.
[0009] In the prior art wavelength multiplexing trans-
mission system, the transmission speeds on the intra-
site side and inter-site side are identical in principle. For
example, in the case where the transmission speed of
the intra-site optical fiber circuits 142, 143 shown in Fig.
3 is 2.5Gbyte/s, the transmission speed of an optical sig-
nal of wavelength λn in the inter-site optical fiber circuit
144 was also 2.5Gbyte/s. In this prior art device, if the
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information transmission amount between the informa-
tion communications devices 150-2, 150-4 increases
and the bit rate is increased, for example, transmission
in the inter-site transmission part is difficult. As the max-
imum transmission distance of optical fiber transmission
is inversely proportional to the square of the bit rate,
when the transmission speed is as high as 10Gbit/s or
40Gbit/s, the maximum transmission distance of the in-
ter-site transmission part very rapidly becomes shorter.
For example, the maximum transmission distance at
2.5Gbit/s is 600-1200km, but as it is of the order of sev-
eral tens of km at 10Gbit/s and no more than several km
at 40Gbit/s, it is difficult to achieve long-distance trans-
mission at these speeds. If a dispersion compensation
technique or dispersion shifted fiber (DSF) is used, this
value can be improved to some extent, but even then,
the usual limit of the transmission distance is around 500
km at 10Gbit/s and 40km at 40Gbit/s. Therefore, if the
transmission speed of the intra-site optical fiber circuits
142, 143 is increased, the number of repeaters in the
inter-site part must be increased, and the cost increas-
es.
[0010] To deal with this problem, the system of Fig. 5
shows an example where the number of inter-site cir-
cuits in the information communications device 150-1 is
increased to, for example, three. In this example, even
if the transmission amount is increased by three times,
the transmission speed in the inter-site transmission
part remains the same, so the above problem can be
avoided. However, the number of intra-site circuits and
the number of inter-site transceivers also increases by
three times, so there are other problems in that cost and
intra-site circuit management difficulties increase.
[0011] Further, due to the aforesaid transmission dis-
tance problem, the intra-site transmission speed of the
wavelength division multiplexing transmission device
152 is normally limited in practice to a value such as
2.5Gbit/s - 10Gbit/s, and the speed cannot be increased
without limit. Therefore, even if a faster intra-site circuit
interface such as 10Gbit/s or 40Gbit/s were developed,
it could not be applied to this wavelength division multi-
plexing transmission device.

SUMMARY OF THE INVENTION

[0012] It is therefore an object of this invention to pro-
vide a wavelength division multiplexing system which
can transmit information at high speed without increas-
ing the number of intra-site transmission paths which al-
lows lengthening of the inter-site transmission path, to
provide a wavelength division multiplexing optical trans-
mission device and transponder used by this system,
and to provide an information communications device
using this transponder.
[0013] To achieve the above object, the wavelength
division multiplexing transmission system of this inven-
tion comprises a wavelength division multiplexing trans-
mission device connected to an information communi-

cations device by an intra-site optical fiber circuit, and a
transmitting part and receiving part connected to the
aforesaid wavelength division multiplexing transmission
device by an inter-site optical fiber circuit. The transmit-
ting part converts a high-speed information signal trans-
mitted by the intra-site optical fiber circuit into plural op-
tical signals of different wavelengths by the transponder
device in the wavelength division multiplexing transmis-
sion device, and transmits an optical wavelength divi-
sion multiplexed signal obtained by wavelength multi-
plexing the aforesaid plural optical signals of different
wavelengths to the receiving part by the aforesaid inter-
site optical fiber circuit. In the receiving part, the re-
ceived optical wavelength division multiplexed signal is
preferably wavelength-demultiplexed by a wavelength
demultiplexer of the wavelength division multiplexing
transmission device, the demultiplexed plural optical
signals of different wavelengths are multiplexed into one
high-speed optical signal by the transponder device,
and transmitted to the information communications de-
vice of the receiving part by an intra-site optical fiber cir-
cuit.
[0014] The aforesaid optical transponder device of
the transmitting part comprises an intra-site transmis-
sion optical receiver which receives an information sig-
nal from the aforesaid intra-site optical fiber circuit, a de-
multiplexer which time divides the information signal re-
ceived by the intra-site transmission optical receiver,
and plural inter-site transmission optical transmitters
which convert the demultiplexed signals respectively in-
to optical signals of different wavelengths.
[0015] The aforesaid optical transponder device on
the receiving side comprises plural optical receivers
which receive the plural optical signals (information sig-
nals) of different wavelengths, a multiplexer which mul-
tiplexes the aforesaid plural information signals from the
optical receiver into one high-speed information signal
by time division multiplexing, and an intra-site transmis-
sion optical transmitter which connects the multiplexed
information signal to an optical fiber circuit.
[0016] The aforesaid wavelength division multiplex-
ing transmission device of the transmitter part compris-
es the transmitting side optical transponder device, and
an optical multiplexer which performs optical multiplex-
ing on the optical signals of different wavelengths de-
multiplexed by the aforesaid transmitting side optical
transponder device.
[0017] The aforesaid wavelength division multiplex-
ing transmission device of the receiver part comprises
an optical demultiplexer which wavelength-demultiplex-
es the optical wavelength division multiplexed signal in-
put from the inter-site optical fiber circuit, and the afore-
said receiving side optical transponder device which in-
puts the plural optical signals of different wavelengths
demultiplexed by the optical demultiplexer.
[0018] In another preferred embodiment of the inven-
tion, the wavelength division multiplexing optical trans-
mission device is provided with various functions, for ex-
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ample an optical repeater function, an add-drop function
and a switching (routing) function, by combining the
aforesaid optical transponder devices or wavelength di-
vision multiplexing optical transmission devices in the
transmitting and receiving parts. The aforesaid trans-
ponder device may also be an intra-site interface device
wherein the wavelength division multiplexing transmis-
sion device and information communications device are
combined.
[0019] According to this invention, in the aforesaid
wavelength division multiplexing optical transmission
system, information signals are processed at high
speed by a small number of circuits in the intra-site cir-
cuit, and the inter-site transmission path is lengthened
and information is transmitted at high speed in the inter-
site optical fiber circuit.
[0020] Further, the optical transponder device, wave-
length division multiplexing optical transmission device
and interface device of this invention may be provided,
either individually or in combination, with various func-
tions of a wavelength division multiplexing optical trans-
mission system. For example, they may be devices hav-
ing SONET/SDH/ATM multiplexing, demultiplexing, re-
placing, switching, fault recovery, bit rate conversion or
add-drop functions, or IP packet switching, routing,
broadcast or interface conversion functions.
[0021] This invention may easily be realized by
means of a simple hardware construction if the multi-
plexing/demultiplexing in the intra-site optical circuit us-
es time division multiplexing/demultiplexing of informa-
tion signals having one to plural bits as units, or time
division multiplexing/demultiplexing with the addition of
a parity signal. A device or system according to this in-
vention having compatibility with prior art SONET/SDH
devices may be realized by performing multiplexing/de-
multiplexing according to the SONET/SDH scheme.
Maintenance and reliability of intra-site optical circuits
is improved, and practical feasibility is enhanced, by
adding an intra-site optical circuit monitoring information
signal during multiplexing, and extracting this monitor-
ing information signal during demultiplexing. Device and
system reliability are further enhanced by adding an er-
ror correction signal before multiplexing, and extracting
the error correction signal during demultiplexing.
[0022] A routing mechanism or path setting mecha-
nism may be added by incorporating an optical signal
or electrical signal switch in the device or system of this
invention and changing over the signal path, whereby
the application field of the invention is widened. The re-
liability of the invention may also be greatly improved by
providing plural transceivers, reserving some of these
as standbys, and switching over to standby transmis-
sion if a fault occurs. In particular, when packet informa-
tion is transmitted, the aforesaid two functions may be
simultaneously implemented by providing a packet in-
formation routing circuit.
[0023] Further, by giving the optical transmitter, the la-
ser light source in the optical transmitter and the optical

receiver of this invention modular constructions so that
they can be individually replaced if necessary, mainte-
nance is greatly improved even in devices having a large
number of components, and the apparatus can be easily
constructed. Likewise, even if a wavelength variable la-
ser is used for the light source or the light source is sup-
plied from outside, standby transponder devices and the
types of parts used for maintenance and production can
be greatly reduced. Finally, if a compensation circuit for
differential group delay is provided which compensates
for propagation delay time differences between wave-
length division multiplexed, transmitted optical signals,
the intra-site optical circuit bandwidth can be used ef-
fectively, so the application field of the invention is wid-
ened.
[0024] These and other objects, constructions and
features of the invention will become apparent from the
following embodiments thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Fig. 1 is a schematic view showing a first em-
bodiment of a wavelength division multiplexing trans-
mission system according to this invention.
[0026] Fig. 2 is a schematic view showing a first em-
bodiment of a transponder according to this invention.
[0027] Fig. 3 is a second embodiment of a transmitting
side transponder according to this invention.
[0028] Fig. 4 is a schematic view of a multiplexing cir-
cuit used in the transponder according to this invention.
[0029] Fig. 5 is a schematic view showing a prior art
wavelength division multiplexing optical transmission
system.
[0030] Fig. 6 is a schematic view of the transmitting
side transponder used by the prior art wavelength divi-
sion multiplexing optical transmission system.
[0031] Fig. 7 is a schematic view of a receiving side
transponder used by the prior art wavelength division
multiplexing optical transmission system.
[0032] Fig. 8 is a schematic view showing a second
embodiment of a wavelength division multiplexing opti-
cal transmission device according to this invention.
[0033] Fig. 9 is a schematic view showing a third em-
bodiment of the wavelength division multiplexing optical
transmission device according to this invention.
[0034] Fig. 10 is a schematic view showing a fourth
embodiment of the wavelength division multiplexing op-
tical transmission device according to this invention.
[0035] Fig. 11 is a schematic view of a second em-
bodiment of the wavelength division multiplexing optical
transmission system according to this invention.
[0036] Fig. 12 is a schematic view of a fifth embodi-
ment of the wavelength division multiplexing optical
transmission device according to this invention.
[0037] Fig. 13 is a schematic view of a sixth embodi-
ment of the wavelength division multiplexing optical
transmission device according to this invention.
[0038] Fig. 14 is a schematic view showing a first em-
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bodiment of an intra-site optical interface for the infor-
mation communications device according to this inven-
tion.
[0039] Fig. 15 is a schematic view showing a first em-
bodiment of an information communications device ac-
cording to this invention.
[0040] Fig. 16 is a schematic view showing the third
embodiment of the wavelength division multiplexing op-
tical transmission system according to this invention.
[0041] Fig. 17 is a schematic view showing a second
embodiment of the transponder according to this inven-
tion.
[0042] Fig. 18 is a schematic view showing an embod-
iment of a transponder provided in correspondence to
the intra-site interface of Fig. 17.
[0043] Fig. 19 is a schematic view showing the third
embodiment of the intra-site interface according to this
invention.
[0044] Fig. 20 is a schematic view showing a fourth
embodiment of the intra-site interface according to this
invention.
[0045] Fig. 21 is a schematic view showing a fourth
embodiment of the transponder according to this inven-
tion.
[0046] Fig. 22 is a schematic view showing a fifth em-
bodiment of the transponder according to this invention.
[0047] Fig. 23 is a schematic view showing a sixth em-
bodiment of the transponder according to this invention.
[0048] Fig. 24 is a schematic view showing a seventh
embodiment of the transponder according to this inven-
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiment 1

[0049] Fig. 1 is a schematic view of a first embodiment
of a wavelength division multiplexing optical transmis-
sion system according to this invention. A wavelength
division multiplexing optical transmission device (trans-
mitting side) 147 and a wavelength division multiplexing
optical transmission device (receiving side) 148 are re-
spectively disposed in two sites, (transmitting) 141-1
and (receiving) 141-2.
[0050] An information communications device 140-1
sends out an information signal to be transmitted to a
transponder device (referred to hereafter as transpond-
er) 100 according to this invention, which is disposed
inside the wavelength division multiplexing optical trans-
mission device 147, via an intra-site optical fiber circuit
142-1. In the transponder device 100, the information
signal is demultiplexed and converted to four optical sig-
nals of mutually different wavelengths λ 1 - λ 4 at a lower
speed than the transmission speed of the intra-site fiber
circuit 142-1, and converted again to a signal format and
wavelength suitable for inter-site transmission.
[0051] The optical signal output by the transponder

100 is wavelength division multiplexed by an optical
multiplexer 145, and transmitted to an inter-site optical
fiber circuit 144. Information signals from information
communications devices 150-1, 150-2 are sent to the
optical multiplexer 145 via transponders 120-1, 120-2
known in the art, and are wavelength division multi-
plexed and transmitted to the receiving side site 141-2
by the inter-site optical fiber circuit 144 together with the
information signal from the information communications
device 140-1 of this invention.
[0052] In the receiving side site 141-2, the received
wavelength division multiplexed optical signal is demul-
tiplexed into each of the original optical wavelengths by
an optical demultiplexer 146. A transponder device 110
according to this invention receives the four optical sig-
nals of wavelengths λ1 - λ4, multiplexes them again into
an optical signal of one time sequence, sends them to
an intra-site optical fiber circuit 143-1, and transmits
them to an information communications device 140-2.
For the sake of simplicity, in Fig. 1, the sites are limited
to being a transmitting site or a receiving site, although
in practice both sites may have transmitting and receiv-
ing functions.
[0053] Fig. 2 shows the construction of one embodi-
ment of a transponder 116 according to this invention.
In this embodiment, the site comprises both the trans-
ponder 100 and 110 of the transmitting part/receiving
part. In this figure, the thick arrows show optical fibers
and the thin arrows show electrical paths. The same
numbers are assigned to parts which are effectively
identical to the construction of the diagram described
earlier, and a detailed description of them is omitted
(same for the following diagrams).
[0054] In the transponder 100 of the transmitting part,
the optical signal (wavelength λa) input from the intra-
site side input fiber 142 is received by an intra-site trans-
mission optical receiver 103, converted to an informa-
tion signal in an electrical area, and demultiplexed into
plural (four in the diagram) information signals via a de-
multiplexing circuit 105. In the electrical circuit, these in-
formation signals are normally transmitted in parallel,
but the number of signals is not necessarily the physical
number of signal lines and may represent a theoretical
number of signal circuits. The demultiplexed information
signals are respectively sent to inter-site transmission
optical transmitters 104-1 - 104-4, and after converting
to an optical signal format for inter-site transmission and
mutually different optical signal wavelengths suitable for
wavelength division multiplexing transmission, are out-
put to inter-site side output optical fibers 102-1 - 102-4.
[0055] In the transponder 110 of the receiving part, the
optical signals input from inter-site side input optical fib-
ers 111-1 - 111-4 are respectively received by inter-site
transmission optical receivers 113-1 - 113-4, and after
conversion to electrical signals, they are again time di-
vision multiplexed into one signal by a multiplexing cir-
cuit 115, converted to a high-speed signal of wavelength
λa by the intra-site transmission optical receiver 114 and
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output from an intra-site side output fiber 143.
[0056] As the optical demultiplexer 146, any kind of
optical device may be used providing that it has a func-
tion for separating light according to each wavelength.
For example, it may be an optical fiber grating and an
optical circulator connected serially together, an AWG
(Arrayed Wave Guide), a combination of an optical cou-
pler and an optical band pass filter, a Mach-Zehnder
type interferometer, or combinations of these connected
in cascade fashion. An identical optical device may be
used as the optical multiplexer 145, but it does not nec-
essarily have to have wavelength selectivity and may
for example be an optical coupler or the like.
[0057] In Fig. 2, the wavelengths of the input and out-
put optical signals of the intra-site circuits are λa and
λb, but identical wavelengths may also be used. Further,
the optical signal wavelengths transmitted between the
inter-site circuits 102, 111 are the four wavelengths λ1
- λ4, as wavelength control is easiest for this case. How-
ever, the operation is unaffected even if the input/output
wavelengths are different. Further, the number of sig-
nals, number of optical transceivers or bit rate may be
different on the uplink and downlink according to the
transmission capacities of the uplink circuit and down-
link circuit.
[0058] The invention is not limited by this embodi-
ment, and if there are a plural number of intra-site cir-
cuits, these may perform wavelength division multiplex-
ing transmission on one optical fiber circuit. The uplink/
downlink circuits may also be multiplexed using an op-
tical circulator or optical coupler, and one optical fiber
circuit may be used for two-way transmission. Further,
wavelength division multiplexing and two-way transmis-
sion can be applied simultaneously.
[0059] Fig. 3 shows the construction of an embodi-
ment of the transponder 100 according to this invention.
This embodiment comprises a transmitting optical
source which uses wavelength variable lasers 262-1 - 4.
[0060] The high-speed information signal from the in-
tra-site optical fiber 142 is demultiplexed into four sig-
nals by the demultiplexing circuit 105 via the optical re-
ceiver 103, these are respectively applied to external
optical modulators 263-1 - 4 which modulate the output
light of the wavelength variable lasers 262-1 - 4, and the
result is output as an inter-site optical signal. The output
wavelengths λ1 - λ4 are preset to wavelengths required
for inter-site transmission, or are set to desired wave-
lengths by an internal wavelength reference circuit or
external control signal.
[0061] By using this wavelength variable laser, one
transponder can be used for a wavelength division mul-
tiplexing optical transmission device requiring any
wavelength, so the invention has wider utility.
[0062] The variable wavelength laser 262 may be var-
ious types of laser such as, for example, an external cav-
ity type which uses a semiconductor laser, or a fiber ring
laser. The output light of a laser which outputs optical
signals of plural wavelengths may also be multiplexed

according to each wavelength. Further, the wavelength
variable function can be implemented even if only the
laser part can be individually replaced.
[0063] The external optical modulator 263 may for ex-
ample be an electro-absorption type semiconductor op-
tical modulator, or a semiconductor or lithium niobate
type Mach-Zehnder type optical modulator. A modula-
tion scheme such as phase modulation or duo-binary
modulation can also be used.
[0064] Fig. 4 shows the construction of one form of
the multiplexing circuit 115 used for the aforesaid trans-
ponder of the receiving part.
[0065] This form shows an example of the construc-
tion when SONET multiplexing is performed using SON-
ET signals for input/ output. This is input from four input
circuits 211-1 - 211-4.
[0066] For example, 2.5Gbit/s OC-48 are respectively
input to low speed circuit terminal circuits 220-1 - 220-4,
header information 224 is extracted such as the section
overhead in the SONET frame, encoding errors are de-
tected and upstream equipment fault information is ex-
tracted, and terminal processing such as frame sync is
performed. The information signals contained in the
payload are sent to a SONET multiplexing circuit 221,
and multiplexed into a high-speed signal. At the same
time, the low speed circuit header information which was
extracted is input to a header information processing cir-
cuit 223 together with a device internal state signal 225
pertaining to the device, edited as high-speed circuit
header information, and sent to a high-speed circuit ter-
minal circuit 222. The header information 226 is again
added to the multiplexed information signal by the high-
speed circuit terminating circuit 222, and pointer
processing or the like is performed. The signal is then
converted to a 10Gbit/s OC-192 signal, and is output
from an output circuit 212. The demultiplexing circuit has
effectively the reverse construction.
[0067] This embodiment was described in the case
where the input/output signal formats were both SONET
signals. At least one of the input or output may be an-
other signal format such as ATM, Gigabit Ethernet or
wavelength wrapping, but in this case the signal terminal
configuration and the construction of the format conver-
sion part will be slightly different for each format. The
transmission speed after multiplexing also depends on
the input/output signal format, and it is not necessarily
equal to the sum of the input circuits. For example, in
the aforesaid wavelength wrapping, it may occur that an
error correction information signal is added and the
transmission bit rate increases by about 10 to 20 per-
cent. Further, it may also occur in the case of IP packet
transmission that the bit rate after multiplexing by sta-
tistical multiplexing falls. The above is identical in the
case of demultiplexing.
[0068] Hence, according to this embodiment, by con-
verting high-speed intra-site optical circuit signals to low
speed wavelength division multiplexed signals and per-
forming long-distance (inter-site) transmission, in the in-
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ter-site part, the bit rate can be decreased to a value at
which long-distance transmission is possible, sufficient
transmission distance can be obtained and there is no
longer any need to shorten the inter-site repeater inter-
val even if the intra-site circuits are high speed circuits.
Conversely, by applying this invention also to existing
wavelength division multiplexing optical transmission
devices, the intra-site circuit speed can be increased
without having an adverse effect on the transmission
distance or wavelength arrangement.
[0069] For example, if the transmission speed is
2.5Gbit/s per wavelength in the inter-site wavelength
multiplexing circuit of the wavelength division multiplex-
ing optical transmission devices 152, 153 in Fig. 5, even
if it is attempted to increase the intra-site circuit speed
and inter-site circuit speed by, for example, four times
to 10Gbit/s, the wavelength division multiplexing trans-
mission device itself is normally designed assuming
2.5Gbit/s, so in the prior art, this kind of upgrade was
difficult or impossible. For example, if the transmission
bit rate is increased to high speed, the wavelength spec-
trum of the wavelength division multiplexed signals
largely widens or the receiving sensitivity of the optical
receiver deteriorates, so transmission characteristics
deteriorate. If the transmission devices 152, 153 were
replaced by 10Gbit/s devices, for example, the maxi-
mum transmission distance or maximum span interval
would decrease for an optical transmission device of
10Gbit/s as compared to 2.5Gbit/s, so there would be a
need to place more optical wavelength division multi-
plexing repeaters in the inter-site circuit and the system
would become more costly.
[0070] On the other hand, in the wavelength division
multiplexing transmission system of this invention, even
if the speed of the inter-site interface is increased to, for
example, 10Gbit/s, wavelength division multiplexing
transmission can still be performed in the inter-site part
at 2.5Gbit/s, which is the prior art bit rate, so the above
problem is avoided. Due to the increase of transmission
speed, the transmission distance in the intra-site inter-
face part becomes shorter, but as the transmission dis-
tance in the intra-site transmission part is only several
to several tens of kilometers at most, this is not a prob-
lem in practice. As a result, the number of intra-site cir-
cuits and intra-site interfaces can be reduced to 1/4 as
compared to the prior art method, which offers a great
advantage in terms of circuit management and cost. Al-
so, if high speed intra-site interfaces such as 40Gbit/s
or 160Gbit/s are used, the number of intra-site circuits
can be further reduced.
[0071] In the wavelength division multiplexing trans-
mission system of this invention, the transmission speed
of the intra-site/inter-site circuits is not limited to the
above values, and can be set freely provided that the
intra-site circuit speed is greater than the inter-site cir-
cuit speed at which wavelength division multiplexing
transmission takes place. For example, the intra-site cir-
cuit speed may be set to 40Gbit/s and the inter-site

transmission speed to 10Gbit/s, or the inter-site trans-
mission speed may be set to 5Gbit/s and the intra-site
circuit speed to 10Gbit/s, 20Gbit/s or 40Gbit/s. Further,
if one intra-site circuit is split between plural inter-site
circuits, there is no need to divide it into signals of equal
transmission speed. There is also no problem if an intra-
site circuit signal of, for example, 10Gbit/s is split into
two signals for transmission, i.e., 5Gbit/s and 2.5Gbit/s,
according to the characteristics of the equipment on the
transmitting and receiving sides. If the distance between
the information communications devices and trans-
ponders is short, the intra-site optical fiber circuits
142-1, 143-1 do not necessarily have to be optical cir-
cuits which use optical fibers, and transmission is pos-
sible also using coaxial cables or parallel electrical sig-
nals. In the embodiment of Fig. 1, the case was shown
where this invention was applied to both the transmitting
and receiving sites, but this is not absolutely necessary,
it being possible to have a construction where the trans-
ponder of this invention is applied to either of the trans-
mission side or receiving side sites alone.
[0072] The wavelength division multiplexing trans-
mission system of this invention resolves the problem
of transmission distance, which occurs in optical signal
transmission at high speeds of several Gbit/s and
above, using the wavelength division multiplexing tech-
nique which is unique to optical transmission. Specifi-
cally, this invention aims to reduce costs, cut down the
number of circuits and extend the transmission distance
of the inter-site optical interface part by converting the
intra-site optical interface part to high-speed, and it is
basically different from the prior art inverse MUX meth-
od. Therefore, the application range of this invention
covers wavelength division multiplexing transmission
devices, transponders and information communication
devices connected to them and their interfaces, and
wavelength division multiplexing transmission systems
using these devices, so the embodiments are also
unique to these devices and systems.
[0073] In addition to the IM/DD (direct modulation/di-
rect reception) method for semiconductor lasers in
wavelength bands such as the 1.3 µm band which is of-
ten widely used for intra-site transmission signals, the
1.5 µm band or external optical modulation method can
also be used. According to this embodiment, and in par-
ticular because the transmission speed of the intra-site
circuits is high, the external modulation method may
prove to be more suitable than the prior art direct mod-
ulation method. Further, the signal may be wavelength
division multiplexed and transmitted together with sig-
nals from other intra-site circuits, and if necessary, dis-
persion compensated or optically amplified. It should be
noted that the term "intra-site" may in practice be used
also for connections between plural sites or information
communications devices where intra-site circuits are
disposed at close distances (several tens of km).
[0074] As the wavelength of the inter-site transmis-
sion optical signal, a wavelength suited to wavelength
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division multiplexing transmission is used. In addition to
signals in the 1.5 µm band which is suitable for amplifi-
cation by optical fibers, and which complies with the
wavelength grid specified as the wavelength for WDM
by ITU-T, the 1.3 µm band can also be used. In partic-
ular, as the inter-site transmission bit rate can be re-
duced in this wavelength division multiplexing transmis-
sion system, in some cases, not only a modulation
scheme such as external optical modulation but also a
low chirp LD or the like can be used.
[0075] As the intra-site/inter-site optical signal format,
the signal format of the intra-site optical fiber circuit
142-1 may for example use SONET/SDH. For example,
in the case of the OC-192 signal (10Gbit/s), the output
signal of the transponder 100 may be separated into four
OC-48 signals (2.5Gbit/s), but any other desired format
can be used.

Embodiment 2

[0076] Fig. 8 is a schematic view of a second embod-
iment of the wavelength division multiplexing optical
transmission device (transmitting side) according to this
invention.
[0077] In a wavelength division multiplexing optical
transmission device (transmitting side) 160, optical sig-
nals input from the intra-site side input fibers 142-1,
142-2 are respectively received by transponders (trans-
mitting side) 100-1, 100-2, demultiplexed and converted
to plural (four in Fig. 8) optical signals suitable for wave-
length division multiplexing for low speed inter-site
transmission, and output from the inter-site side output
optical fiber 102. These signals are wavelength division
multiplexed by the optical multiplexer 145, amplified by
an optical amplifier 161, and output to an inter-site op-
tical fiber circuit 162. Optical amplifiers or means to per-
form dispersion compensation and prevent signal qual-
ity and waveform deterioration can further be added to
the inter-site/intra-site circuit part as desired. In this em-
bodiment, an example is shown where signals from the
prior art transponders 120-1, 120-2 are also input to the
optical multiplexer 145, wavelength division multi-
plexed, and transmitted.
[0078] In the diagram, the output wavelengths of the
inter-site side output fiber 102 of the transponder 100-1
are λ1, λ2, λ9 and λ3, but there is no particular limitation
on the order or interval of these wavelengths provided
that the signal wavelengths output to the same inter-site
fiber are mutually different.
[0079] For example, if the inter-site optical fiber circuit
is a dispersion shift fiber, to suppress the optical four-
wave mixing effect, a wavelength arrangement with un-
equal intervals can even be adopted.

Embodiment 3

[0080] Fig. 9 shows a schematic view of a third em-
bodiment of a wavelength division multiplexing optical

transmission device (receiving side) according to this in-
vention. This embodiment is a device which receives the
optical multiplexed signals from the wavelength division
multiplexing transmission device (transmitting side) of
Fig. 8.
[0081] In a wavelength division multiplexing optical
transmission device (receiving side) 164, the wave-
length division multiplexed optical signal input from an
inter-site side input fiber 163 is amplified if necessary
by the optical amplifier 161, and demultiplexed into sep-
arate wavelengths by the optical demultiplexer 146. Al-
so according to this embodiment, if necessary, optical
amplifiers or optical dispersion compensating means
may be added as required to the inter-site/intra-site cir-
cuit parts. The optical signals demultiplexed into each
wavelength are respectively received by transponders
(receiving side) 110-1, 110-2 according to this invention
and the prior art transponders 130-1, 130-2.
[0082] In each of the transponders 110-1, 110-2, the
four signals received from the inter-site circuit are re-
spectively multiplexed into one high-speed intra-site sig-
nal, and output to the intra-site circuits 143-1, 143-2. In
the case of the prior art transponders 130-1, 130-2, the
received inter-site optical signals are converted to intra-
site optical signals and output at the same transmission
speed.
[0083] The four wavelengths λ1, λ2, λ9, λ3 are re-
ceived from the inter-site side input fiber 111 of the trans-
ponder 110-1, but there is no particular limitation on the
order or interval of these wavelengths. In principle, a 1:
1 correspondence between the intra-site circuits in the
transponders on the transmitting/receiving sides is
achieved by maintaining correspondence with the trans-
ponders on the transmitting side. In one embodiment
described hereafter, an example is shown wherein the
wavelength arrangements on the transmitting and re-
ceiving sides are purposely arranged to be different.

Embodiment 4

[0084] Fig. 10 is a schematic view of a fourth embod-
iment of the wavelength division multiplexing optical
transmission device according to this invention. A wave-
length division multiplexing optical transmission device
165 of this embodiment basically comprises the wave-
length division multiplexing optical transmission devices
on the transmitting side and receiving side of Fig. 8 and
Fig. 9 in a one-piece construction, and although prior art
transponders are not used, they can be added.
[0085] An optical signal input from the inter-site side
input optical fiber 163 is demultiplexed into eight wave-
lengths λ1 - λ8 by the optical demultiplexer 146, input
to the transponders 110-1, 110-2 (receiving side) four
wavelengths at a time, and multiplexed into high-speed
intra-site circuit signals which are respectively output
from the intra-site optical fiber circuits 143-1, 143-2. The
intra-site circuit signals input from the intra-site optical
fiber circuits 142-1, 142-2 are also respectively demul-
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tiplexed to inter-site transmission optical signals of
wavelengths λ1 - λ4 and λ5 - λ8 by the transponders
100-1, 100-2, wavelength division multiplexed by the
optical multiplexer 145, and output from the inter-site
side output optical fiber 162.
[0086] In the embodiment shown, an information
communications device 166 is built into the wavelength
division multiplexing optical transmission device 165. In
this embodiment, the intra-site optical circuits 143-2,
142-2 interconnect the transponders 110-2, 100-2 and
the information communications device 166 inside the
wavelength division multiplexing optical transmission
device 165.
[0087] The information communications device 166
may comprise various devices such as a SONET/SDH
terminal device, IP router, ATM terminal or ATM switch.
As input/output circuits 167 connecting with the outside,
various circuits may be used such as SONET/SDH cir-
cuits, ATM circuits, Ethernet circuits such as Gigabit
Ethernet, or FDDI circuits. If the distance between the
information communications device 166 and the trans-
ponders 100-2, 110-2 is short, the intra-site optical fiber
circuits 143-2, 142-2 are not necessarily optical circuits
using optical fibers, and transmission may be effected
also by coaxial cables or parallel electrical signals. Also,
conversely to the embodiment of Fig. 10, the construc-
tion may comprise the transponder or wavelength divi-
sion multiplexing optical transmission device of this in-
vention as part of the information communications de-
vice 166.

Embodiment 5

[0088] Fig. 11 is a schematic view of a second em-
bodiment of the wavelength division multiplexing optical
transmission system according to this invention. This
embodiment is an example wherein the sites 141-1,
141-2 are connected by the two uplink/downlink inter-
site optical fiber circuits 144 using wavelength division
multiplexing optical transmission devices 165-1, 165-2
having an integral transmitting/receiving construction
identical to that of Fig. 10.
[0089] A linear optical repeater 151-1 using an optical
amplifier is disposed midway in the inter-site optical fiber
circuits 144-1, 144-2, and amplifies a wavelength divi-
sion multiplexed optical signal which has been attenu-
ated by optical fiber losses. The wavelength division
multiplexing number of this type of wavelength division
multiplexing optical transmission system may exceed a
maximum of 100 wavelengths, but whereas in the prior
art the same number of intra-site circuits was required,
according to this embodiment, plural inter-site circuits
can be multiplexed and connected to an information
communications device 140 of this invention, so the
number of intra-site optical fiber cables or circuits is re-
duced and they are easy to manage. Further, according
to this embodiment, the information communications
device 140 and wavelength division multiplexing optical

transmission device 165 are connected by one of the
intra-site optical fiber circuits 142, 143 each for the up-
link/downlink, but they may be connected by plural cir-
cuits.

Embodiment 6

[0090] Fig. 12 is a schematic view of a fifth embodi-
ment of the wavelength division multiplexing optical
transmission device according to this invention. This
embodiment shows a construction wherein a wave-
length division multiplexing optical transmission device
170 uses an optical repeater.
[0091] This repeater first converts the optical signal
to an electrical signal, and then performs waveform re-
generation, re-timing and amplification.
[0092] The wavelength division multiplexed optical
signal input from the inter-site side input optical fiber 163
is amplified by an optical amplifier 161-1, and demulti-
plexed to individual wavelength components by the op-
tical demultiplexer 146. Of these, the optical signals of
wavelengths λ1 - λ4 are multiplexed into one intra-site
optical signal by the transponder (receiving side) 110-1,
and transmitted to the transponder (transmitting side)
100-1. This is then again demultiplexed to the wave-
length division multiplexed signals λ1 - λ4 for inter-site
transmission, wavelength division multiplexed by the
optical multiplexer 145, and output to the inter-site side
output optical fiber 162.
[0093] In the repeater 170 according to this embodi-
ment, signals are first relayed via the high-speed intra-
site optical fiber circuit 142-1. This has the advantages
that the signals in this circuit can be add- dropped, an
information communications device is easily connected,
and mutual interconnections using transponders from
different manufacturers on the transmitting side and re-
ceiving side are easily made. When the distance be-
tween the transponders 110-1, 100-1 is short, the optical
fiber circuit 142-1 may be replaced by an electrical sig-
nal circuit.
[0094] There is a further advantage in that this optical
repeater device comprises plural wavelength division
multiplexing devices, so even if the optical demultiplexer
146 and optical multiplexer 145 are separated far from
each other, the number of intra-site circuits can be de-
creased and control is easy.
[0095] Although add-drop of a prior art inter-site trans-
mission signal is possible even with a combination of
the prior art transponders (transmitting side) 130, (re-
ceiving side) 120, and 171 (for regenerating), it is difficult
to demultiplex plural wavelengths and access transmit-
ted information signals using this invention. For exam-
ple, in this embodiment, an example of an add-drop con-
struction is shown where the intra-site side output fiber
142-3 of the transponder (receiving side) 110-2 and in-
tra-site side input fiber 142-4 of the transponder (trans-
mitting side) 100-2 are connected to an intra-site circuit
interface of the information communications device 140.
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Specifically, the optical signals transmitted with wave-
lengths λ1 - λ4 are dropped in this repeater and passed
to the information communications device 140, and the
output signal of the information communications device
140 is added to the same wavelengths and then trans-
mitted over the inter-site circuit. Thus, when signals are
relayed using the transponder of this invention, an infor-
mation communications device using this invention can
easily be connected to effect an upgrade by an add-drop
construction.
[0096] Also in this embodiment, dispersion compen-
sation may be performed to compensate for waveform
deterioration or signal strength of the optical signal, and
optical amplifiers may be inserted in the signal circuit as
may be appropriate. SONET signal or other signal ter-
minal circuits may also be disposed in the transponders
110, 100 as necessary. Further, plural inter-site circuit
parts such as uplink/downlink circuits may be combined
to form one wavelength division multiplexing optical re-
peater.

Embodiment 7

[0097] Fig. 13 is a schematic view of a sixth embodi-
ment of the wavelength division multiplexing optical
transmission device according to this invention. This
embodiment is an example wherein variable add-drop
and cross-connect functions are added to the optical re-
peater.
[0098] In this embodiment, information signals ob-
tained by demultiplexing inter-site side input optical fib-
ers 163-1, 163-2 into low speed inter-site wavelength
division multiplexed signals are multiplexed into high
speed intra-site signals by the transponders (receiving
side) 110-1, 110-2, and output to the intra-site optical
fiber circuits 142-1, 142-2. Also, an information signal
from the information communications device 140 is out-
put to the intra-site optical fiber circuit 142-3. These sig-
nals are connected to a three-input/three output optical
switch matrix 172, and connected to the intra-site optical
fiber circuits 143-1, 143-2, 143-3 by an external control
signal as desired. The intra-site optical fiber circuits
143-1, 143-2 are respectively connected to the trans-
ponders 100-1, 100-2 and to the inter-site optical fiber
circuits 162-1, 162-2 via the multiplexers 145-1, 145-2,
and the remaining intra-site optical fiber circuit 143-3 is
connected to the information communications device
140 of this invention. In other words, the connection
state between the inter-site circuits and information de-
vices can be varied as desired by changing over the op-
tical switch 172 depending on changes in the traffic pat-
tern or accidents such as fiber breaks.
[0099] In the case of this variable add-drop/cross-
connect device, according to this embodiment, as plural
inter-site circuits are converted into one of the high-
speed intra-site circuits 142, there is an advantage in
that the scale of the optical switch required need only
be 1/N compared to the prior art technique. In the ex-

ample of four wavelength multiplexing of this embodi-
ment, whereas four sets of the optical switches 172
would be required in the prior art, only one set is needed
in this example which is advantageous from the view-
points of low-cost, high reliability and device scale. In
this embodiment also, only one-directional transmission
is shown, but the uplink/downlink circuit parts may be
combined. Further, the add-drop/cross-connect scheme
between wavelength division multiplexed signals and
plural optical fiber circuits is not limited to that shown
here, any combination being possible. For example, N
sets of wavelength division multiplexed signals in one
inter-site circuit can be mutually interchanged, or the up-
link circuit can be returned to the downlink circuit.

Embodiment 8

[0100] Fig. 14 shows the construction of an embodi-
ment of an intra-site interface for an information com-
munications device according to this invention. The in-
formation communications device 140 comprises an in-
formation communications device intra-site optical inter-
face 195, and the optical interface 195 comprises a
transmitting optical interface 180 and receiving optical
interface 190. In this embodiment, the aforesaid trans-
ponders are connected with the optical interfaces 180,
190 via intra-site side optical fibers 184 and 194.
[0101] In the transmitting optical interface 180, plural
information signals input via intra-device circuits 183-1
- 183-4 are terminated/time division multiplexed by a
multiplexing circuit 182, converted to a high speed op-
tical signal by an intra-site optical transmitter 181, and
output to an intra-site side output light fiber 184. The
signal output by the optical fiber 184 must be a signal
capable of being received by the aforesaid wavelength
division multiplexing optical transmission device ac-
cording to this invention connected via intra-site optical
fiber circuits, or by the intra-site transmission optical re-
ceiver of the transponder according to this invention.
Therefore, the multiplexing number and the signal for-
mat before and after multiplexing in the multiplexing cir-
cuit 182 is identical to that of the aforesaid wavelength
division multiplexing optical transmission device or
transponder device according to this invention. The in-
tra-device information circuits 183-1 - 183-4 do not nec-
essarily have to be one signal line, and may be trans-
mitted in parallel using plural signal lines.
[0102] In the receiving side optical interface 190, an
optical signal of wavelength λb sent from the aforesaid
wavelength division multiplexing optical transmission
device or intra-site transmission optical transmitter of
the transponder according to this invention, is received
by an inter-site transmission optical receiver 191 via an
intra-site side optical fiber 194, terminated if necessary,
demultiplexed into the original low speed information
signals by a demultiplexing circuit 192, and output from
intra-device circuits 193-1 - 193-4. This embodiment
shows an example of an information communications
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device provided with both a receiving side and a trans-
mitting side optical interface, but only one of these op-
tical interfaces may be provided.

Embodiment 9

[0103] Fig. 15 shows the construction of another em-
bodiment of the information communications device ac-
cording to this invention. This embodiment also uses the
intra-site optical interface (receiving side and transmit-
ting side) of the information communications device ac-
cording to this invention.
[0104] This embodiment shows the construction of an
IP router switch 200 as the information communications
device. Intra-site optical interfaces 195-1, 195-2 for the
information communications device 200 are connected
to a switch matrix 202 via a routing module 201-1, and
thereby form an IP router. The switch matrix 202 is con-
trolled by a routing control circuit 203, and IP packets
input from the interfaces are transferred to a destination
interface.
[0105] According to this embodiment, the intra-site in-
terfaces 195 each multiplex/demultiplex two of the low
speed intra-device circuits 183. The two intra-device cir-
cuits 183-1, 183-2 are multiplexed by the intra-site in-
terface 195-1, and output from the intra-site side output
optical fiber 184-1 as a high speed signal. After these
multiplexed signals have been transmitted through in-
tra-site circuits, they are demultiplexed into each wave-
length by the aforesaid wavelength division multiplexing
optical transmission device and transmitted. Therefore,
if the intra-device circuits 183-1, 183-2 are treated as
independent signal interfaces or input/output ports, ro-
bustness to device faults can be improved, and as there
is no need to consider the differential group delay of the
two ports, the device construction can be simplified. Fur-
ther, as independent routing is performed for each port,
a configuration described hereafter is possible wherein
a wavelength division multiplexed signal is add-dropped
or routed for each wavelength.
[0106] The information communications device ac-
cording to this invention is not limited to this embodi-
ment, various constructions being possible such as
SONET/SDH/ATM multiplexing terminal devices com-
prising an intra-site interface or transceiver according to
this invention, or demultiplexing/exchange/switching/
fault recovery/bit rate conversion or add-drop devices.

Embodiment 10

[0107] Fig. 16 shows the construction of a third em-
bodiment of the wavelength multiplexing optical trans-
mission system according to this invention.
[0108] In this embodiment, an example is shown
wherein the three sites 141-1, 141-2 and 141-3 are con-
nected by the inter-site optical fiber circuits 144-1,
144-2, but only the uplink circuit is shown for the sake
of simplicity. In particular, a wavelength add-drop exam-

ple is shown wherein, of those wavelength-routed and
wavelength division multiplexed optical signals obtained
by assigning information signals divided into plural
wavelengths to different destinations for each wave-
length, only required wavelengths are accessed.
[0109] A high-speed information signal sent by the in-
tra-site circuit 142-1 from the information communica-
tions device 140-1, is converted into wavelength division
multiplexed optical signals of wavelengths λ1 - λ4 by the
wavelength division multiplexing optical transmission
device 160, multiplexed by an optical multiplexer 145-1,
and transmitted to the inter-site optical fiber circuit
144-1.
[0110] In the wavelength division multiplexing optical
transmission device 170, the signals of wavelengths λ1
and λ2 of the received wavelength division multiplexed
optical signals are dropped, and sent to the information
communications device 140-2 via the transponder
110-1. The information signal from the information com-
munications device 140-2 is divided into the two wave-
lengths, λ 1 and λ 5, by the transponder 100-2, multi-
plexed with the optical signals of wavelengths λ3, λ4
which are through signals, and transmitted to the wave-
length division multiplexing optical transmission device
164 via the inter-site optical fiber circuit 144-2. The sig-
nals of wavelengths λ3, λ4, λ5 are multiplexed by the
transponder 110-2, and sent to the information commu-
nications device 140-3. The signal of wavelength λ1 is
received by the prior art transponder 130, and sent to
the prior art information communications device 150.
[0111] According to this embodiment, one intra-site
circuit signal is demultiplexed into plural wavelengths for
transmission, and to achieve wavelength routing or
wavelength add-drop, the information signals must have
separate contents and destinations for each wave-
length. Specifically, in the information transmission de-
vice of this invention, plural independent intra-device
signal circuits/interfaces/input-output port signals corre-
sponding to the number of wavelengths in the inter-site
part should be multiplexed in advance as one intra-site
circuit. If this is done, the optical signals after wave-
length demultiplexing can be given full compatibility with
prior art wavelength division multiplexed optical signals,
so prior art transponders or optical wavelength division
multiplexing transmission devices may be freely mixed
with the other devices to construct the optical transmis-
sion system.

Embodiment 11

[0112] Fig. 17 shows the construction of a second em-
bodiment of an intra-site interface for the information
communications device according to this invention. In
this embodiment, some of the plural wavelengths used
for information transmission in the inter-site part are
used, so it is used for fault recovery with redundancy.
The information communications device in the other site
connected by the inter-site optical fiber circuits also
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comprises an intra-site interface identical to that of this
embodiment.
[0113] In the transmitting part of an intra-site interface
230, header information such as circuit status or priority
is added by header adding circuits 235-1 - 2 to the three
intra-device circuits 183-1 - 183-3 and the information
signal of an intra-device circuit 231 of low priority, mul-
tiplexed by the multiplexing circuit 182, and output to the
high-speed intra-site circuit 184.
[0114] In the receiving part, a signal of the intra-site
circuit 194 is demultiplexed by the demultiplexing circuit
192, the header information of each signal is extracted
by header extracting circuits 236-1 - 236-4, a switching
circuit 234 is controlled by a switch control circuit 237
using this header information, and information signals
are output as the intra-site circuits 193-1 - 193-3 and a
low priority intra-device circuit 232. When there is a fault
of the wavelength division multiplexing transmitter in the
inter-site circuit part, this situation is detected from
header information 238, and the switch control circuit
237 performs a recovery operation by changing over
switching circuits 233, 234 according to the status.
[0115] For example, if one of the inter-site circuits cor-
responding to the received intra-device circuits 193-1 -
193-3 has a malfunction, a 3:1 fault recovery mecha-
nism can be implemented wherein this situation is noti-
fied to the transmitting side using the header informa-
tion, the switching circuit 233 is changed over on the
transmitting/receiving sides, and the information is
transmitted instead to the low priority circuit 231, which
is a standby circuit. The capacity allocation of the stand-
by circuit and the switching algorithm are not limited to
the above, and a recovery mechanism such as for ex-
ample 1+ 1 can also be employed. In particular, when
an IP router or the like is used as the intra-site device
and the plural intra-device circuits of this invention are
considered as independent interfaces, they may be
treated as plural delivery routes, so a fault recovery
function can be implemented without providing a special
standby circuit.
[0116] Further, in this embodiment, an example is
shown where a fault monitoring/notification/error rate
correction function of the intra-site circuit is added also
to the high-speed intra-site circuit part. This function can
be used completely independently regardless of wheth-
er or not the aforesaid fault recovery mechanism is pro-
vided. A header information extracting/error correcting
circuit 241 extracts the header information 244 or error
correction signal from the high-speed signal received by
the intra-site transmission optical transmitter 191, and
performs error correction if necessary. Part of this head-
er information is input to an intra-site circuit header in-
formation processing circuit 243. In a header addition/
error correction information adding circuit 242, the fault
and alarm status of the devices, the status of the re-
ceived intra-site circuit, a CRC (Cyclic Redundancy
Check) or FEC (Forward Error Correction) signal which
performs error detection or error correction on the trans-

mitted information signal, and a parity bit, are added to
the information signal, and output from the intra-site
transmission optical transmitter 181. Addition/extraction
of the header information does not necessarily have to
be performed after multiplexing, and may be performed
simultaneously with multiplexing/demultiplexing by the
multiplexing/demultiplexing circuit 234, or may be per-
formed on the low speed signal before multiplexing/de-
multiplexing. Further, this added information is not nec-
essarily in the form of headers, but may for example be
time division multiplexed and transmitted together with
the information signal as another circuit.

Embodiment 12

[0117] Fig. 18 shows a third embodiment of the trans-
ponder according to this invention. This embodiment is
an example wherein a fault recovery mechanism and
intra-site circuit error correction/monitoring mechanism
is incorporated in the transponder part. The fault recov-
ery mechanism, which is identical to the mechanism
shown in Fig. 17, determines the fault status of inter-site
circuits from header information extracted from the inter-
site transmission optical receivers 113-1 - 113-4, and the
switching control circuit 237 performs fault recovery by
switching over important signals to standby circuits by
the transmitting side and receiving side switching cir-
cuits 233, 234. In this diagram, one of the inter-site op-
tical fiber circuits 102-1 - 102-4 and one of 111-1 - 111-3
is assigned to a standby circuit. Identical functions and
component parts to the construction of Fig. 17 are given
the same symbols, and their description is omitted.
[0118] This embodiment also shows an example
where circuit fault control/notification/error rate correc-
tion functions are added to the high-speed intra-site cir-
cuit part. This transponder must be connected opposite
to intra-site interface devices and transponders having
identical functions. The header information extraction/
error correction circuit 241 extracts header information
or an error correction signal from the high-speed signal
received by the intra-site transmission optical receiver
103, and performs error rate correction if necessary.
Part of the header information is input to the intra-site
circuit header information processing circuit 243. In the
header addition/error correction information adding cir-
cuit 242, header information is again added to the infor-
mation signal, and output from an intra-site transmission
optical transmitter 114. This embodiment shows only a
construction where transmitting and receiving functions
are integrated, but the transmitting side and receiving
side may be provided separately.

Embodiment 13

[0119] Fig. 19 shows the construction of a third em-
bodiment of the intra-site interface of information com-
munications device according to this invention. This em-
bodiment is an example wherein the intra-site optical fib-
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er circuit part is duplexed, and a fault recovery mecha-
nism is added.
[0120] The signal from the intra-device circuits 183-1
- 183-4 is multiplexed by the multiplexing circuit 182, the
multiplexed intra- device signal is split into two by a split-
ting circuit 245, and the two intra-site circuit optical
transmitters 181-1, 181-2 always transmit an identical
signal to two intra-site optical fiber circuits 184-1, 184-2.
In the receiving part, two circuits of optical signals are
always received by two intra-site circuit optical receivers
191-1, 191-2. The intra-site circuit header information
processing circuit 243, which receives header informa-
tion 244 extracted from the received signals, always se-
lects and outputs the higher quality circuit by changing
over a switching circuit 246, and sends it to the demul-
tiplexing circuit 192. According to this embodiment, the
intra-site circuit part is a high-capacity circuit, and as
there are not many circuits, the improvement of reliabil-
ity due to this fault recovery mechanism based on du-
plication is effective.
[0121] Fig. 20 is a transponder having an intra-site cir-
cuit duplex function connected opposite the device of
Fig. 19. In this embodiment also, the intra-site circuit op-
tical transmitters 114-1, 114-2 always transmit identical
information, always select the higher quality or correct
signal from the intra-site circuit optical receivers 103-1,
103-2, and send it to the intra-device circuit.
[0122] The two duplexed intra-site circuits may re-
spectively use independent optical fiber circuits, or may
perform wavelength division multiplexing transmission
by one optical fiber circuit using different wavelengths.
Moreover, the aforesaid recovery mechanism can be
applied without any problem even if intra-site interfaces
or transponders are connected together. The mecha-
nism is not limited to a 1:1 fault recovery mechanism as
in this example, and can be applied without problem to
constructions such as 1+1 or N:1. It may also be applied
to a scheme where, for example, one of plural intra-site
circuits always transmits signals of low priority as a
standby circuit. The above two embodiments show only
a construction where transmitting and receiving func-
tions are integrated, but the transmitting side and receiv-
ing side may be provided separately.

Embodiment 14

[0123] Fig. 21 shows yet another embodiment of the
transponder according to this invention. In this embod-
iment, an information signal routing mechanism is built
in to the transponders in both the transmitting part and
receiving part. There is no particular limitation if it is built
into one of the transmitting part and receiving part or on
the intra-site interface device side, and routing may be
performed in plural devices. According to this embodi-
ment, the speed of the intra-site circuit is approximately
twice the speed of the inter-site circuit.
[0124] In the transmitting part, signals input from two
intra-site side input fibers 142-1, 142-2 are respectively

demultiplexed into low speed signals in demultiplexing
circuits 105-1, 105-2, and input to a routing module
251-1. The routing module 251-1 sends signals to the
inter-site optical transmitters 104-1 - 104-4 correspond-
ing to destinations based on address information em-
bedded in the packetized information signals and rout-
ing information supplied from a routing control circuit
250.
[0125] The routing control circuit 250 constantly up-
dates a routing table based on control packet informa-
tion and device status/fault status/circuit congestion,
etc. Likewise, the receiving part routes information sig-
nals received from four inter-site optical fiber circuits
111-1 - 111-4 to desired circuits by a routing module
251-2, multiplexes this information, and outputs it from
the intra-site side optical transmitters 114-1, 114-2.
[0126] If a routing mechanism is built in, routing effi-
ciency is improved, and the device construction can be
made more flexible. Also, a detour route can be set in
case of device failure on both the intra-site and inter-site
sides, so reliability is improved.

Embodiment 15

[0127] Fig. 22 is a diagram showing the construction
of yet another embodiment of the transponder according
to this invention.
[0128] In this embodiment, a propagation delay differ-
ence compensating circuit 252 in the inter-site circuit is
built into the receiving side transponder. It is possible
that mutual propagation delay differences may occur
between the optical signals received from the inter-site
side input optical fibers 111-1 - 111-4 due to the wave-
length dispersion characteristics of the inter-site optical
fiber circuit which transmits a wavelength division mul-
tiplexed signal, or due to differences in the optical fiber
cable length of each circuit before wavelength division
multiplexing and after wavelength demultiplexing. There
is no problem in treating these as mutually independent
circuits, however, the bandwidth of the high-speed intra-
site circuit can be used more effectively if mutual prop-
agation delay differences are eliminated by propagation
delay difference compensating circuits 252-1 - 252-4.
[0129] For example, in the case where the inter-site
optical fiber circuit is OC-16 (600Mbit/s), four wave-
lengths, a signal which uses the full bandwidth of
2.5Gbit/s such as OC-48c can be transmitted through
the intra-site circuit, and the range of application of this
invention is thereby widened.
[0130] The propagation delay difference compensat-
ing circuit 252 may employ a variable wavelength delay
line or a buffer memory circuit. The propagation delay
difference compensating circuit 252 may be installed on
the receiving side of the intra-site interface circuit. In this
case, the intra-site circuit multiplexes the signal with the
propagation delay difference still present, but as the in-
tra-site interface having a propagation delay difference
compensating mechanism need only be provided in the
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information communications device requiring propaga-
tion delay difference compensation, it is advantageous
from the viewpoints of cost and circuit scale. In principle,
this embodiment may be implemented also by installing
the propagation delay difference compensating circuit
on the transmitting side of the transponder or intra-site
interface.

Embodiment 16

[0131] Fig. 23 is a schematic view of yet another em-
bodiment of the transponder according to this invention.
[0132] According to this embodiment, a wavelength
multiplexer and wavelength demultiplexer are built into
the transponder.
[0133] The output light from the inter-site side optical
transmitters 104-1 - 104-4 is wavelength division multi-
plexed by an optical multiplexer 253, and output to an
inter-site side output optical fiber 102-5. This output light
is transmitted without modification, or after wavelength
division multiplexing with another optical signal, to an-
other site. Also, a wavelength division multiplexed opti-
cal signal input from an inter-site side input light fiber
111-5 is demultiplexed into wavelengths λ 1 - λ4 by an
optical demultiplexer 254, which are respectively re-
ceived by inter-site side optical receivers 113-1 - 113-4.
The optical multiplexer/demultiplexer may also be built
in to only one of the transmitting side and receiving side.
[0134] If the wavelength multiplexer/demultiplexer
253 and optical demultiplexer 254 are built into the
transponder in this way, the number of optical fibers
used for inter-device connections is less and the board
size can be reduced. Further, by providing a delay dif-
ference for each wavelength in the transponder, the
aforesaid propagation delay time compensating circuit
can be easily implemented.

Embodiment 17

[0135] Fig. 24 is a schematic view of yet another em-
bodiment of the transponder according to this invention.
In this embodiment, all the transmitter/receiver parts of
a transponder 260 have a modular construction, and
can be individually replaced.
[0136] A main frame 261 comprises the multiplexing
circuit 105, demultiplexing circuit 115, and other moni-
toring control circuits or power supply circuits, not
shown, and the intra-site side and inter-site side optical
transmitters/receivers 102, 113, 104, 114 are all provid-
ed as sub-modules or sub-substrates attached to the
main frame. According to this construction, mainte-
nance and supervision of transmitting/receiving parts
which are particularly prone to faults are easily per-
formed. In particular, in the transponder of this invention,
the plural inter-site transmission optical transmitters 104
for wavelength division multiplexing transmission are in-
stalled which are fixed at specific wavelengths, so by
adopting this construction, the volume of replacement

parts required when a fault occurs can be reduced. The
modular construction is not limited to the transponder,
and can be applied also to the wavelength division mul-
tiplexing transmission device, intra-site interface device
or intra-site information communications device of this
invention, or to the intra-site optical transmitter part, re-
ceiver part or multiplexing circuit part so that any desired
part can be replaced.
[0137] The technical features of the embodiments of
the invention may be summarized as follows:

1. An optical transmission method as defined in
Claim 15, wherein the aforesaid first optical signal
transmitted at a transmission speed Rb through the
aforesaid intra-site circuit is received, demulti-
plexed into two or more electrical signals by a de-
multiplexing circuit, two of the signals are converted
to the aforesaid second and third signals, and these
are wavelength division multiplexed and transmit-
ted to the aforesaid inter-site circuit.

2. An optical transmission method, wherein an op-
tical signal is received from an inter-site circuit in
which second and third optical signals of mutually
different wavelengths are wavelength division mul-
tiplexed and transmitted, the signal is demultiplexed
into the original wavelengths, and these are con-
verted a first time sequence optical signal and trans-
mitted to a first intra-site circuit.

3. An optical transmission method as defined in
Claim 17, wherein the optical signal from the afore-
said inter-site circuit, in which second and third op-
tical signals of mutually different wavelengths are
wavelength division multiplexed and transmitted, is
demultiplexed into the original wavelengths which
are respectively received and converted to electri-
cal signals, multiplexed by a multiplexing circuit,
converted to the first time sequence optical signal,
and transmitted to the aforesaid first intra-site cir-
cuit.

4. An optical transmission method, wherein the op-
tical signal from an inter-site circuit, in which sec-
ond, third and fourth optical signals of mutually dif-
ferent wavelengths are wavelength division multi-
plexed and transmitted, is demultiplexed into the
original wavelengths, and the aforesaid second and
third optical signals are converted to a first time se-
quence optical signal and transmitted to the first in-
tra-site circuit, whereas the aforesaid fourth optical
signal is wavelength converted and transmitted to
a second intra-site circuit.

5. An optical transmission method as defined in
Claim 19, wherein the optical signal from the afore-
said inter-site circuit, in which second, third and
fourth optical signals are wavelength division multi-
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plexed and transmitted, is demultiplexed into the
original wavelengths which are respectively re-
ceived and converted to said second, third and
fourth electrical signals, and the aforesaid second
and third electrical signals are converted to the
aforesaid first time sequence optical signal and
transmitted to the first intra-site circuit, whereas the
fourth optical signal is wavelength converted and
transmitted to the aforesaid second intra-site circuit.

6. An optical transmission method, wherein at least
a first optical signal of optical signals transmitted
from first and second intra-site circuits at a trans-
mission speed Rb through a first intra-site circuit is
received, converted to an electrical signal and de-
multiplexed by a demultiplexing circuit into two or
more electrical signals which are respectively con-
verted into second and third optical signals of mu-
tually different wavelengths, an optical signal sent
from the second intra-site circuit is received, con-
verted into an electrical signal and then converted
into a fourth optical signal of different wavelength to
the second and third optical signals, and the afore-
said second, third and fourth optical signals are
wavelength division multiplexed and transmitted to
an inter-site circuit.

[0138] According to the embodiments of the inven-
tion, the transmission speed of intra-site transmission
can be made much higher than that of the inter-site part,
so the number of circuits in the intra-site transmission
part can be reduced, costs can be lowered, and main-
tenance can be performed easily. Further, as the bit rate
of the inter-site transmission part can be suppressed
low, the transmission distance can be made a long dis-
tance.

Claims

1. An optical transmission device (147) wherein sec-
ond and third optical signals of mutually different
wavelengths are demultiplexed from a first optical
signal transmitted through a first intra-site circuit
(142-1) at a transmission speed Rb, and said sec-
ond and third optical signals are wavelength divi-
sion multiplexed and transmitted to an inter-site cir-
cuit (144).

2. An optical transmission device as defined in Claim
1, wherein said first optical signal is received and
converted to an electrical signal, demultiplexed into
two or more electrical signals by a demultiplexing
circuit (146) and converted into said second and
third optical signals, and said second and third op-
tical signals are wavelength division multiplexed
and transmitted to said inter-site circuit.

3. An optical transmission device as defined in Claim
1, wherein the transmission speed of said second
and third optical signals is less than Rb.

4. An optical transmission device as defined in Claim
1, wherein a fourth optical signal transmitted
through a second intra-site circuit (142-2) is wave-
length converted, and is wavelength division multi-
plexed together with said wavelength converted
second and third optical signals.

5. An optical transmission device as defined in Claim
1, wherein said first optical signal is obtained by in-
tensity modulation of light of a wavelength λ1.

6. A transponder having a construction such that a first
optical signal transmitted through a first intra-site
circuit (142-1) at a transmission speed Rb is con-
verted to an electrical signal therein, demultiplexed
into two or more signals by a demultiplexing circuit
(146), and at least part of these signals is converted
into optical signals to give said second and third op-
tical signals of mutually different wavelengths.

7. An optical transmission device wherein an optical
signal is received from an inter-site circuit (144), in
which second and third optical signals of mutually
different wavelengths are wavelength division mul-
tiplexed and transmitted, is demultiplexed into the
original wavelengths which are converted into a sin-
gle time sequence optical signal, and transmitted to
a first intra-site circuit (143-1).

8. An optical transmission device as defined in Claim
7, wherein an optical signal from said inter-site cir-
cuit (144), in which second and third optical signals
of mutually different wavelengths are wavelength
division multiplexed and transmitted, is demulti-
plexed into separate wavelengths which are re-
ceived and converted to electrical signals, and
these signals are multiplexed and converted to said
single time sequence optical signal which is trans-
mitted to said first intra-site circuit (143-1).

9. An optical transmission device as defined in Claim
7, wherein the second and third optical signals are
wavelength demultiplexed and wavelength convert-
ed, and then converted to the aforesaid single time
sequence optical signal.

10. An optical transmission device as defined in Claim
7, wherein the first optical signal is obtained by in-
tensity modulation of light of a wavelength λ1.

11. An optical transmission device, wherein the optical
signal from an inter-site circuit (144) in which sec-
ond, third and fourth optical signals of mutually dif-
ferent wavelengths are wavelength division multi-
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plexed and transmitted, is demultiplexed into the
original wavelengths, said second and third optical
signals are converted to a single time sequence op-
tical signal and transmitted to a first intra-site circuit,
and said fourth optical signal is wavelength convert-
ed and transmitted to a second intra-site circuit
(143-2).

12. An optical transmission device as defined in Claim
11, wherein, when the transmission speed of said
first optical signal is Rb, the transmission speeds of
said second, third and fourth optical signals are less
than Rb.

13. An optical transmission device as defined in Claim
11, wherein said second and third optical signals are
wavelength demultiplexed and wavelength convert-
ed, and then converted to said single time sequence
optical signal.

14. An optical transmission device as defined in Claim
11, wherein said first optical signal is obtained by
intensity modulation of light of a wavelength λ1.

15. A transponder having a construction such that said
second and third optical signals of mutually different
wavelengths are received and converted to electri-
cal signals, and these are multiplexed by a multi-
plexing circuit (145), converted to a single time se-
quence optical signal of transmission speed Rb,
and transmitted to said first intra-site circuit (143-1).

16. An optical repeater having a construction such that:
an optical signal from a first inter-site circuit,

in which second and third optical signals of mutually
different wavelengths are wavelength division mul-
tiplexed and transmitted, is demultiplexed into the
original wavelengths which are received and con-
verted to electrical signals, and these are multi-
plexed by a multiplexing circuit (145), converted to
a single time sequence optical signal, and transmit-
ted to a first intra-site circuit (143-1), and:

the first time sequence optical signal output
from said first intra-site circuit (142-1) is received
and converted to electrical signals, these are de-
multiplexed into two or more electrical signals by a
demultiplexing circuit (146) and converted to fourth
and fifth optical signals, and said fourth and fifth op-
tical signals are wavelength division multiplexed
and transmitted to a second inter-site circuit
(143-2).

17. An optical transmission method wherein second
and third optical signals of mutually different wave-
lengths from a first optical signal transmitted
through a first intra-site circuit (142-1) at a transmis-
sion speed Rb, are demultiplexed, and said second
and third optical signals are wavelength division

multiplexed and transmitted to an inter-site circuit
(146).
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